BACKGROUND/OBJECTIVES: Obesity is associated with increased triglyceride levels. We examined whether overall obesity (body mass index (BMI)) and abdominal obesity (waist circumference (WC)) are independently associated with hypertriglyceridemia among the Korean population. SUBJECTS/METHODS: A national sample of 5036 Koreans aged 19-64 was examined with cross-sectional surveys, the Korea National Health and Nutrition Examination Survey, in 2007 and 2008. BMI, WC and other lifestyle information were assessed. RESULTS: We documented 1344 cases (26.7%) of hypertriglyceridemia (fasting triglycerides of 4150 mg/dl). Both BMI and WC were each independently associated with hypertriglyceridemia. Multivariate odds ratios (ORs) of increasing categories of BMI (o18.5, 18.5p-o23, 23p-o25, 25p-o28, X28 kg/m 2 ), were 0.49, 1.00 (reference), 1.26, 1.63 and 1.84, respectively (P ¼ 0.0007) adjusting for WC. There was a positive association between WC and hypertriglyceridemia across increasing quintiles of WC (multivariate-adjusted ORs: 1.00 (reference), 1.54, 2.54, 2.21 and 2.36; Po0.0001), adjusting for BMI. WC was positively related to hypertriglyceridemia in both gender. However, only women's BMI was independently associated with hypertriglyceridemia after adjusting for WC. The joint relation between BMI and WC and hypertriglyceridemia showed that within each BMI category, higher WC predicted a greater prevalence of hypertriglyceridemia and vice versa. The receiver operating characteristic curves indicated that BMI (0.69) and WC (0.72) were similar in predicting hypertriglyceridemia. CONCLUSIONS: Both BMI and WC were strongly independently associated with hypertriglyceridemia among the population. Both measurements should be considered for use in assessing health risk at clinical settings and epidemiologic research among Asian population.
INTRODUCTION
Obesity (in particular, abdominal obesity) is associated with increased triglyceride levels in blood. 1, 2 Over the past several decades, South Korea has experienced rapid socioeconomic growth, producing the same lifestyle changes that have led to the global obesity epidemic. 3 The distress caused by undernutrition that prevailed over preceding several decades in Korea has been rapidly replaced by overnutrition and obesity. 4 According to the Korea National Health and Nutrition Examination Survey (KNHANES), the overall prevalence of obesity (based on body mass index (BMI) X25 kg/m 2 ) among adults was 26.0% in 1998, which increased to 31.9% in 2009 (36.2% in men and 27.6% in women). 5, 6 As Asian people are more likely to have a higher proportion of total body fat as abdominal fat than Caucasians, they develop obesityrelated complications, such as hypertriglyceridemia, at lower BMI levels. 7 Hence, the Western Pacific Regional Office of World Health Organization (WPRO) proposed the BMI cutoff point of 25 kg/m 2 instead of 30 kg/m 2 as obese for Asian adults. 8 BMI is the most widely used and simple anthropometric measure of overall obesity, and it is frequently used to estimate the prevalence of obesity within a population. However, it does not account for variation in body fat distribution and abdominal adiposity, which can differ greatly across populations and can vary substantially within a narrow range of BMI. 9 Higher intraabdominal adiposity is associated with greater risk of obesityrelated morbidity than is overall obesity. 10, 11 Thus, measurement of the waist circumference (WC) has been viewed as an alternative to BMI. Although visceral fat can be measured most precisely with computed tomography or magnetic resonance imaging, these techniques are expensive and complicated; therefore, WC is the most popular and appropriate measurement for determining abdominal adiposity. WC is a good simple measure of both intraabdominal and total adiposity, and is closely associated with intraabdominal fat mass. 12, 13 Abdominal obesity as measured by WC in Korea increased 4.1% over the decade ending in 2007 (that is, 21 .8% in 1998, 25.9% in 2007) . examined the power of both WC and BMI in predicting the risk of hypertriglyceridemia. 15 Moreover, the independent effects of abdominal adiposity compared with those of overall obesity have not been well studied. Few, if any, large-scale and population-based studies have investigated the issue, 15, 16 especially among Asian populations. 15 Therefore, we examined whether there is an association between BMI and WC and hypertriglyceridemia using a large and representative sample of Korean population. We also tested the independent associations of BMI and WC with hypertriglyceridemia.
SUBJECTS AND METHODS

Study population
The KNHANES, a national cross-sectional survey of the Korean population, was conducted in four different time periods, 1998 (1st), 2001 (2nd), 2005 (3rd) and 2007-2009 (4th) . The fourth survey was a continuous year-round survey including all seasons to avoid seasonal bias on dietary intake. The participants of the 4th KNHANES were selected by a rolling sampling method designed to represent the general Korean population. 17 Data used in our analysis was from the 2007 and 2008 KNHANES. KNHANES include a health behavior interview, health examination and nutrition survey including a 24-hour-recall, dietary practice questionnaire and food frequency questionnaire.
The 2007 and 2008 KNHANES included a total of 4594 and 9744 individuals, respectively. Excluding subjects under 19 and over 65 years old reduced the number to a total of 8169. We also excluded participants who were pregnant (n ¼ 83) and those who had missing data for WC, BMI or triglycerides (n ¼ 783). Finally, the participants who did not fast at least 12 hours before the blood draw were also excluded (n ¼ 2267). Therefore, 5036 men and women remained for the analyses (n ¼ 1462 from 2007 and n ¼ 3574 from 2008).
Anthropometric measures
Height, weight and WC were measured and recorded by the medical teams performing the health examination. Standing height was measured when the subject faced directly ahead with shoes off, feet together, arms by the sides and heels, buttocks and upper back in contact with the wall. Weight was also measured using the GL-6000-20 (CAS Co. Ltd., Seoul, Korea) scale, to one tenth of a kilogram. WC was measured at the midpoint between the lower end of rib case and the upper end of pelvis after the subject completely exhaled: men with WCX90 cm and women with WCX85 cm were classified as obese following the obesity criteria proposed by the Korea Centers for Disease Control and Prevention (K-CDC).
5 http://www.cdc.go.kr, which uses different criteria for women from the International Diabetes Federation, 18 and the WPRO criteria for Asians (that is, WCX90 cm (men), X80 cm (women)). 
Statistical analysis
We conducted logistic regression to investigate the association between obesity and hypertriglyceridemia. BMI was divided into five categories: o18.5, 18.5p-o23, 23p-o25, 25p o28, X28 kg/m 2 . WC was categorized in quintiles. Considering the gender differences in WC, we created gender-specific quintiles. We dichotomized the outcome at the cutoff point of 150 ml/dl of fasting triglyceride.
We estimated age-and gender-adjusted and multivariate-adjusted odds ratios (ORs). Multivariate ORs were adjusted for age (continuous), gender (men/women), income (quartiles), education (elementary school, middle school, high-school or college completion or higher degree), survey year (2007/2008), smoking status (non-smoker, o1 pack per day, 1-2 packs per day or 42 packs a day), alcohol consumption (never drink, o1 drink/ month, X1 drink/month and o2 drinks/week with o5 glasses/drink (women) and o7 glasses/drink (men) or X2 drinks/week with X5 glasses/ drink (women) and X7 glasses/drink (men)), physical activity (no exercise or sometimes walk, regularly walk, regular moderate-level activity or regular vigorous-level activity), and total carbohydrate intake (continuous). Tests for linear trends across increasing categories of BMI and WC were conducted by treating the median value of each category as a continuous variable. In addition, we estimated multivariate-adjusted ORs for one s.d. increase of BMI and WC (as a continuous variable).
To assess the joint and independent effects of overall and abdominal obesity on hypertriglyceridemia, we examined cross-classification of BMI (that is, o23, 23-25, X25 kg/m 2 ) and WC (that is, Quintile1 and 2, Quintile 3 and 4 and Quintile 5). We also tested the interaction by including a crossproduct term of BMI and WC, both expressed as continuous variables in a multivariate model. P for the tests for interaction was obtained from a likelihood ration test with 1 degree of freedom. Furthermore, we compared the predictive power of BMI and WC on hypertriglyceridemia by conducting receiver operator characteristic (ROC) curve analysis. ROC curves are drawn by plotting the true positive rate (sensitivity) against the false positive rate (1-specificity) for several measures. The measure with a ROC curve that is closest to the upper left corner has the highest sensitivity and specificity, making it the best measure. 22 In addition, we compared the predictive power of different cutoff values of WC on hypertriglyceridemia by conducting ROC curve analysis. Each cutoff value was dichotomized by a one-centimeter increase; therefore, there were 21 different cutoff values for each gender (that is, 70 cm to 90 cm for men, 65 cm to 85 cm for women). All analyses were performed using SAS statistical software, UNIX version 9.2 (SAS Institute Inc, Cary, NC, USA).
RESULTS
From the cross-sectional surveys in 2007 and 2008, we documented 1344 cases (26.7%) of hypertriglyceridemia, which was 753 among men (38.1%) and 591 among women (19.3%). The characteristics of the study participants by BMI and WC measures are presented in Table 1 and Table 2 , respectively. Participants with higher BMI or WC tended to be older and less educated, and were more likely to be men, heavy smokers, heavy drinkers and consume higher amount of carbohydrate. BMI and WC were highly positively correlated (r ¼ 0.86, P ¼ 0.0001).
With the total population, there was a linear-positive association between increasing BMI and hypertriglyceridemia; the age-and gender-adjusted ORs across the increasing categories of BMI were 0.39 (95% confidence intervals (CIs): 0.23-0.68), 1.0 (reference), 1.64 (95% CIs: 1.38-1.96), 2.74 (95% CIs: 2.30-3.26) and 4.37 (95% CIs: 3.49-5.48) (P for trend o0.0001). Further adjustment for survey year, carbohydrate intake, smoking, alcohol drinking, physical activity, education and annual income did not materially change the results. Additional adjustment for WC attenuated the results; however, the ORs remained statistically significant. The ORs for one s.d. increase in BMI as a continuous variable was also significant. The multivariate-adjusted OR was 1.84 (95% CI 1.70-2.0). Although the positive association was attenuated by further adjustment for WC, the OR remained significant (OR ¼ 1.38, 95% CI 1.18-1.62) ( Table 3) .
There was also a linear-positive association between increasing WC and the prevalence of hypertriglyceridemia ( When we conducted the analyses by gender, the association between BMI and hypertriglyceridemia remained significant among women while those among men became non-significant when WC was adjusted for ( Table 3 ). The association between WC and hypertriglyceridemia remained significant among both men and women after adjusting for BMI (Table 4) .
The joint relation between BMI and WC and hypertriglyceridemia is shown in Figure 1 . Compared with the reference group of participants with the lowest BMI and WC category (that is, BMIo23 kg/m 2 and WC ¼ Quintile 1 and 2), the OR increased to 3.52 (95% CI: 1.17-10.6) in those with the lowest BMI and highest WC, to 2.41(95% CI: 1.40-4.13) in those with the highest BMI and lowest WC, and to 5.65 (95% CI: 4.75-6.72) in those with the highest BMI and WC (P for interaction ¼ 0.24). The analyses by gender showed similar patterns (Figures 1b and c) .
Some participants were aware of their having hypertriglyceridemia before the examination. As they might have intentionally managed their weight and diet, we examined the associations among the participants who were not aware of hypertriglyceridemia at the time of the examination (n ¼ 4735 with 1207 cases) in order to see if there was any difference. As relatively small numbers of participants were aware of their hypertriglyceridemia, Low: o1 drink/month; Medium:X1 drink/month and o2 drinks/week and for female o5 glasses/drink, for male o7 glasses/ drink; High:X2 drinks/week and for female X5 glasses/drink, for male X7 glasses/drink. c The median value of each income category is 1, 2, 3 and 5 million won.
Obesity and hypertriglyceridemia in Koreans HH Lee et al the results were essentially similar to the results including those who were aware of the status (data not shown).
The ROC curves indicated that BMI (0.69) and WC (0.72) were similar in predicting hypertriglyceridemia, although WC was slightly better (Figure 2 ). In addition, the ROC curves for comparisons among different cutoff values of WC indicated that 83 cm (0.63) for men and 76 cm (0.66) for women were the strongest at predicting the prevalence of hypertriglyceridemia.
DISCUSSION
In this study, we found that participants with either higher BMI or WC are more likely to have hypertriglyceridemia. Moreover, the two measures of obesity appear to have independent effects on the presence of hypertriglyceridemia. The positive relationships of WC to hypertriglyceridemia were shown in both men and women. However, after taking WC into account, BMI was independently associated with hypertriglyceridemia only in women. The ROC curves showed both BMI and WC similarly predicted hypertriglyceridemia.
There have been a few studies in Asian Countries including China, Taiwan and Korea that evaluated both BMI and WC, and hypertriglyceridemia and found similar positive associations. 15, [23] [24] [25] According to a recent Taiwanese study, WC performed well in predicting hypertriglyceridemia especially in men, similar to our findings. BMI was the best predictor for men who smoked, whereas WC was a better alternative for nonsmoking men and women.. 23 On the other hand, a Korean study with the KNHANES data from the year of 1998 and 2005 found that BMI and WC showed similar levels of association with hypertriglyceridemia. 15 However, the study did not investigate the independent association between BMI and WC by mutual adjustment, which our study investigated. In another Taiwanese study, the results from the ROC curve for the comparison of BMI and WC in predicting hypertriglyceridemia were also similar without showing any gender difference. 24 In a Chinese study, a positive association of BMI to dyslipidemia (including both Low: o1 drink/month; Medium:X1 drink/month and o2 drinks/week and for female o5 glasses/drink, for male o7 glasses/drink; High:X2 drinks/week and for femaleX5 glasses/drink, for male X7 glasses/drink. c The median value of each income category is 1, 2, 3 and 5 million won.
hypertriglyceridemia and hypercholesterolemia) was significant only in women while WC was an independent risk factor for dyslipidemia among both men and women, which is consistent with our results. 25 However, none of the studies evaluated independent associations by mutual adjustment of BMI and WC.
Furthermore, our findings support the argument that measurement of WC should be used in clinical practice in addition to BMI because WC has a strong and independent association with hypertriglyceridemia. 23 WC is also simple to measure, and is associated with few measurement errors. 26 WC seems to be more important in men than in women. It is unclear why WC is more important in men than in women. A potential explanation would be that men are more likely to have subcutaneous fat under the skin in the abdomen, whereas women tend to have it in the hips/ trunks and breasts, 27 while the location of accumulating visceral fat has not shown any gender difference. Our study also supports that different BMI cutoff point should be used among Asians 8 because participants within the normal range of BMI based on WPRO criteria (that is, BMI of 23p À o25 kg/m 2 ) were still at elevated prevalence of hypertriglyceridemia. suggested that optimal cutoffs in WC for abdominal obesity be 90 cm for men and 85 cm for women that are consistent with the values proposed by K-CDC, Zhou 29 and Takahashi et al.
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recommended 85 cm for men and 80 cm for women. When we tested the effects of WC on hypertriglyceridemia with different cutoffs of WC, we found 83 cm for men and 76 cm for women as the best cutoff values for discrimination of hypertriglyceridemia, which were lower than what K-CDC 5 and WPRO 8 (that is, 90 cm for men, 80 cm for women), recommend. Our findings were consistent with another Korean study based on hospital visitors (that is, 83 cm for men and 76 cm for women). 31 Our results are also similar to those of recent studies from Japan (that is, 85 cm for men and 78 cm for women) 32 and China (that is, 82-84 cm for men and 78 cm for women), 33 further suggesting to consider a possibility of lowering the cutoff for abdominal obesity in Asian population. Multivariate models are controlled for age (continuous), survey year (2007/2008), smoking (never smoke, o1 pack/day, 1-2 packs/day, X2 packs/day), alcohol drinking (never drink, o1 drink/month, X1 drink/month and o2 drinks/week and for female o5 glasses/drink, for male o7 glasses/drink; X2 drinks/week and for femaleX5 glasses/drink, for male X7 glasses/drink), physical activity (no exercise or sometimes walk, regularly walk, regular moderate-level activity, regular vigorous-level activity), education (elementary school, middle school, high-school, college completion or higher degree), income (1st (lowest quartile), 2nd, 3rd, 4th (highest)), carbohydrate intake (continuous The strength of our study is that we examined the independent associations between BMI and WC and hypertriglyceridemia among the Korean adult population. In addition, our results may be subject to less measurement error, as all of the anthropometric measures were assessed by well-trained medical professionals. Finally, our study was based on a large nationally representative sample that was carefully selected using a systematic sampling method to minimize selection bias and to maximize its representativeness of the Korean population. Thus, the results may be generalized to Korean adults.
A limitation of our study is that it is cross-sectional design. However, most of the participants were unaware of their status of hypertriglyceridemia, reducing the likelihood of potential bias; the associations were similar when we restricted the analysis to those who were unaware of hypertriglyceridemia status. In addition, we did not have information on hip circumference and were not able to evaluate waist-to-hip ratio as an alternative measure of abdominal obesity. 34 As some studies have shown that waist-to-hip ratio may be the most informative determinant of cardiovascular disease (CVD) 35, 36 and hypertriglyceridemia, 34 further investigation should be recommended.
In conclusion, this study provides strong evidence that both overall obesity as assessed by BMI and abdominal adiposity as measured by WC are independently associated with hypertriglyceridemia. Therefore, we recommend that both measurements of obesity should be used in clinical settings and epidemiologic research whenever possible. Furthermore, lowering cutoff values of WC for abdominal obesity among Asians deserves serious consideration. Prospective evaluation may be necessary to confirm our findings and to investigate causal relationships. Multivariate models are controlled for age (continuous), survey year (2007/2008), smoking (never smoke, o1 pack/day, 1-2packs/day, X2 packs/day), alcohol drinking (never drink, o1 drink/month,X1 drink/month and o2 drinks/week and for female o5 glasses/drink, for male o7 glasses/drink; X2 drinks/week and for female X5 glasses/drink, for male X7 glasses/drink), physical activity ( no exercise or sometimes walk, regularly walk, regular moderate-level activity, regular vigorouslevel activity), education (elementary school, middle school, high-school, college completion or higher degree), income (1st (lowest quartile), 2nd, 3rd, 4th (highest)), carbohydrate intake (continuous 
